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PROPERTIES AND METHOD FOR MANUFACTURING SAME

The present invention relates to a plated steel

sheet for hot press forming, having excellent surface
properties, and a method for manufacturing same, and
more specifically relates to a plated steel sheet for hot
press forming, which has excellent production properties
and corrosion resistance, and has excellent surface
quality as the plating layer does not separate from the
base material even after hot press forming, and a method
for manufacturing same.

FIG. 1

Processed by Luminess, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 4 474 516 A1
Description
Technical Field

[0001] The presentdisclosure relates to a plated steel sheet for hot press forming having excellent surface quality and a
method for manufacturing the same.

Background Art

[0002] The use of high-strength steel is increasing, to reduce the weight of automobiles. However, high-strength steel
has aprobleminthatitis difficult to form a product with a complex and precise shape as a material breaks during processing
or springback occurs after processing. Hot press forming (HPF) is a method to solve these problems, and the application
thereof has recently been expanding.

[0003] The steel sheet for hot press forming is generally easy to be formed as the steel sheet is press processed while
heated to a temperature range of 800 to 950°C, and have an advantage of being able to increase the strength of a formed
product when rapidly cooling in a mold. However, when the steel sheet is heated to a high temperature, oxidation may
occur on a surface of the steel sheet, and accordingly, there may be a problem that a process to remove oxides on the
surface of the steel sheet should be added after press forming. To prevent this, a plated steel sheet with an aluminum
plating layer, a zinc plating layer, or a mixture of the aluminum plating layer and the zinc plating layer are used on the
surface of the steel sheet as a material for hot press forming.

[0004] However, an aluminum plated steel sheet has a high melting point of an aluminum plating bath, so a lifespan of
sink rolls used in the plating bath is only 3 to 4 days, so production thereof should be stopped periodically and the sink rolls
should be replaced, so productivity is very poor. Since the lifespan of these sink rolls is inversely proportional to a
temperature of the plating bath, itis important to lower the temperature of the plating bath. In addition, the aluminum plating
layer has a problem of poor corrosion resistance due to lack of sacrificial corrosion resistance of the plating layer after hot
press forming.

[0005] In order to improve this problem, attempts were made to increase productivity and improve the corrosion
resistance of the plating layer by lowering the temperature of the plating bath by using galvanium, a mixture of zinc and
aluminum, in the hot press process to increase a cycle of sink roll usage. The mixing of zinc lowers the temperature of the
plating bath, increasing the productivity of plated steel sheet, and the corrosion resistance of the plating layer is improved
compared to aluminum even after hot press forming due to zinc contained in the plating layer after plating.

[0006] However, the zinc-added aluminum plating layer has a problem in that the plating layer may be easily separated
from the base material at curved areas in the mold after hot press forming, so it has not been able to meet the demand for
high-quality steel materials requiring strict quality until now.

[0007] Therefore, there is a need to develop technology securing corrosion resistance and productivity and at the same
time having excellent surface quality by preventing peeling of the plating layer from the base material during hot forming,
but no technology has been developed that can meet the demand for high-quality products with good corrosion resistance,
productivity, and surface quality until now.

[0008] (Patent Document 1) U.S. Patent Publication No. 6,296,805

Summary of Invention
Technical Problem

[0009] An aspect of the present disclosure is to provide a plated steel sheet for hot press forming having excellent
surface quality, and a method for manufacturing the same.

[0010] Alternatively, another aspect of the present disclosure is to provide a plated steel sheet for hot press forming
having excellent productivity and corrosion resistance, and excellent surface quality since a plating layer may not be
separated from a base material even after hot forming, and a method for manufacturing the same.

[0011] The subject of the present invention is not limited to the above. The subject of the present invention will be
understood from the overall content of the present specification, and those of ordinary skill in the art to which the present
invention pertains will have no difficulty in understanding the additional subject of the present invention.

Solution to Problem

[0012] Accordingtoan aspectof the presentdisclosure, provided is a plated steel sheet for hot press forming, the plated
steel sheet including:
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a base steel; and

a plating layer on at least one surface of the base steel;

wherein the plating layer comprises by weight%: 21 to 34% of Zn, 6.3 to 15% of Si, 3 to 13% of Fe, with a balance of Al
and other inevitable impurities, and

wherein the following Relational expressions 1 and 2 are satisfied.

[Relational expression 1]

0.09 < [Zn]/[Si] £ 4.8

[Relational expression 2]

3.6 £ [Al]/[Si] £ 8.5

[0013] InRelational expressions 1 and 2, where [Zn] represents an average content, weight%, of Zn in the plating layer,
[Si] represents an average content, weight%, of Siin the plating layer, and [Al] represents an average content, weight%, of
Al in the plating layer.

[0014] According to another aspect of the present disclosure, provided is a method for manufacturing a plated steel
sheet for hot press forming, the method comprising:

aplating operation ofimmersing a base steelin a plating bath comprising by weight%, 21 to 34% of Zn, 6.3 to 15% of Si,
2% or less (including 0%) of Fe, with a balance of Al and other inevitable impurities, wherein the following Relational
expressions 1 and 2 are satisfied, to obtain a steel sheet having a hot-dip plating layer formed on the surface; and
based on a surface temperature of a hot-dip plating layer for the steel sheet, a cooling operation of cooling the steel
sheet so thatan average cooling rate Vc1is 25 to 90°C/s in a first section in which the temperature is 630 to 530°C and
an average cooling rate Vc2 is 3 to 15°C/s in a second section in which the temperature is 529 to 350°C.

[Relational expression 1]

0.09 < [zn]/I[Si] £ 4.8

[Relational expression 2]

3.6 < [Al]/[Si] £ 8.5

[0015] In Relational expressions 1 and 2, where [Zn] represents an average content (weight%) of Zn in the hot-dip
plating layer, [Si] represents an average content (weight%) of Siin the hot-dip plating layer, and [Al] represents an average
content (weight%) of Al in the hot-dip plating layer.

[0016] According to another aspect of the present disclosure,

provided is a hot press forming member obtained by hot press forming the above-described plated steel sheet for hot press
forming is provided.

[0017] According to another aspect of the present disclosure, provided is a method for manufacturing a hot press
forming member, the method including:

heat treating the above-described plated steel sheet for hot press forming at a temperature within a range of Ac3 to
950°C for 1 to 1000 seconds; and
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hot press forming the heat-treated plated steel sheet for hot press forming using a mold.

[0018] According to another aspect of the present disclosure, provided is a method for manufacturing a hot press
forming member, the method including:

heat treating the plated steel sheet for hot press forming obtained by the above-described method for manufacturing a
plated steel sheet for hot press forming at a temperature within a range of Ac3 to 950°C for 1 to 1000 seconds; and
hot press forming the heat-treated plated steel sheet for hot press forming using a mold.

Advantageous Effects of Invention

[0019] Assetforth above, according to an aspectofthe presentdisclosure, a plated steel sheet for hot press forming with
excellent surface quality and a method for manufacturing the same may be provided.

[0020] In addition, according to another aspect of the present disclosure, a plated steel sheet for hot press forming
having excellent productivity and corrosion resistance and excellent surface quality since a plating layer is not separated
from a base material even after hot forming, and a method for manufacturing the same may be provided.

[0021] The various and beneficial advantages and effects of the presentinvention are not limited to the above-described
contents, and may be more easily understood through description of specific embodiments of the present invention.

Brief description of drawings
[0022] FIG. 1is an image of Inventive Example 11 observed with a scanning electron microscope (SEM).
Best Mode for Invention

[0023] The terminology used in the present specification is only for describing specific embodiments of the present
disclosure and it is not intended to limit the invention. Unless expressly used otherwise, singular forms of expression
include plural forms.

[0024] The meaning of "including" used in the present specification specifies a configuration and does not exclude the
presence or addition of another configuration.

[0025] Unless otherwise defined, all terms, including technical terms and scientific terms used in this specification, have
the same meaning as commonly understood by those skilled in the artin the technical field to which the present invention
pertains. Terms defined in the dictionary are interpreted to have meanings consistent with related technical literature and
current disclosure.

[0026] In orderto improve the problems of insufficient corrosion resistance and low productivity of an aluminum-plated
steel sheet, which was mainly used as a conventional plated steel sheet for hot press forming, a Zn-Al-based plated steel
sheet to which zinc and aluminum were added were developed.

[0027] However, although Zn-Al-based plated steel sheet has excellent corrosion resistance and productivity, there was
a problem in that the addition of Zn causes a material destruction phenomenon called liquid metal embrittlement (LME). In
addition, during hotforming, there was a problem in that a plating layer was easily separated from a base material in curved
areas in a mold, resulting in poor adhesion.

[0028] Accordingly, the present inventors have conducted intensive research and then found that, in production of a
plated steel sheet with a plating layer including components including Zn, Al, and Si, peeling of the plating layer is a major
problem when aluminum primary crystals occur, and found that there is an effect of preventing LME and improving plating
layer adhesion by precisely controlling the components of Zn, and Si, in addition to corrosion resistance and productivity,
thereby completing the present disclosure.

[0029] Hereinafter, a plated steel sheet for hot press forming according to an aspect of the present disclosure will be
described in detail.

[0030] The plated steel sheet for hot press forming according to the present disclosure includes a base steel; and a
plating layer provided on at least one surface of the base steel. In this case, any type of base steel may be applied without
limitations as long as it may be used as a steel sheet for hot press forming. Therefore, as the base steel, any steel sheetin
which austenite transformation is initiated at a temperature of 800°C or higher, and in which martensite transformation can
be performed by rapid cooling which occurs simultaneously with forming, is sufficient. As a representative example, base
steel comprising by weight%: 0.15 to 0.39% of C, 0.5 to 3% of Mn, 0.01% or less (including 0%) of B, 0.1% or less of Ti
(including 0%), with a balance of Fe and other inevitable impurities, may be used, and an example thereof may include
22MnBS.

[0031] Inthepresentdisclosure, the plating layer has a compositionincluding, by weight%, 21 to 34% of Zn, 6.3 to 15% of
Si, 3t0 13% of Fe, with a balance of Al, and other inevitable impurities. Hereinafter, the reason for which the components of
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each component are added and the reason for the content thereof is limited, will be described in detail. Unless otherwise
particularly stated in the present disclosure, the content of each element is by weight %.

Zinc (Zn): 21 to 34%

[0032] Zinc (Zn)is an element added to improve corrosion resistance. Usually, since an aluminum-plated steel sheet
does not have sacrificial corrosion resistance, corrosion resistance may be secured by adding zinc. In addition, zinc is
added to improve productivity by lowering a melting point of a plating bath and improving a lifespan of a sink roll. Therefore,
in the present disclosure, 21% or more of Zn is added to secure a desired level of corrosion resistance and productivity.
However, if excessive Zn is added, there may be arisk in that liquid metal embrittlement (LME) may occur during hot press
molding, so in the present disclosure, a Zn content is limited to 34% or less. However, from the viewpoint of further
improving the desired effect of the presentinvention, a lower limit of the Zn content may preferably be 23%, more preferably
25%, and an upper limit of the Zn content may be 31.2%.

Silicon (Si): 6.3 to 15%

[0033] Silicon (Si)is an elementadded to control alloying of Al contained in a plating layer and Fe contained in base steel,
and excessive alloying may be prevented by adding Si. In addition, Siis an elementlowering a temperature of a plating bath
by causing a decrease in a melting point of Al, thereby effectively suppressing occurrence of ash in the plating bath.
Therefore, in the present disclosure, in order to properly control a degree of alloying between Al and Fe, Siis added in an
amount of 6.3% or more. However, if a Sn content in the plating layer is less than 6.3%, a highly brittle Fe-Al-based
interfacial alloy layer is formed too thick due to excessive alloying, which may cause brittleness to appear during
processing and cause the plating layer to be dropped. However, if the Si content exceeds 15%, a melting point of a
plating bath becomes excessively higher than a melting point of pure aluminum, which may cause plating equipmentin the
plating bath to deteriorate and reduce operability, so in the present disclosure, the Si content is limited to 15% or less.
However, from the viewpoint of furtherimproving the desired effect of the present disclosure, more preferably, a lower limit
of the Si content may be 7.0%, and an upper limit of the Si content may be 13.1%.

Fe: 3to 13%

[0034] AFecontentinthe platinglayeris preferably 3to 13%. Ifthe Fe contentin the plating layeris less than 3%, Alin the
plating bath and Fe in base steel form a non-uniform Al-Fe alloy phase on a surface of the base steel, which may cause a
problem in that a plating surface becomes rough and plating defects increase. In addition, if the Fe content in the plating
layer exceeds 13%, an excessive Fe-Al-based interfacial alloy layer is formed, and there is a risk that the plating layer may
be dropped during processing due to the highly brittle Fe-Al-based interfacial alloy layer. In addition, the excessive Fe-Al-
based interfacial alloy layer formed during plating plays a role in suppressing diffusion of Fe during a heat treatment
process performed during hot press forming, so the plating layer remains in a liquid state for along time, thereby causing a
problem of sticking in a heating furnace. Therefore, in the presentdisclosure, the Fe content in the plating layeris controlled
to 3 to 13%. However, from the viewpoint of further improving the desired effect of the present disclosure, more preferably,
a lower limit of the Fe content may be 3.8%, and an upper limit of the Fe content may be 11.2%. Meanwhile, the small
amount of Fe may be included in the plating bath, which may be due to a small amount of Fe flowing into the plating bath
from base steel during the manufacturing process.

A remainder of Al and other inevitable impurities

[0035] In addition to the composition of the plating layer described above, a remainder may be Al and other inevitable
impurities. Any inevitable impurities may be included as long as they can be unintentionally mixed during the manufactur-
ing process of a normal aluminum-based or aluminum alloy-based plated steel sheet. Since the meaning of these
impurities may be easily understood by those skilled in the art, the present disclosure does not specifically limit the
meaning thereof.

Manganese (Mg): 1.4% or less

[0036] Although not particularly limited, the plating layer may optionally furtherinclude Mg inan amount of 1.4% or less to
furtherimprove corrosion resistance Mg may furtherimprove corrosion resistance by acting as a buffer which prevents zinc
oxide from being decomposed in a corrosive environment. Therefore, Mg may optionally be added in an amount of 1.4% or
less. However, since Mg is an optional element, a lower limit of the Mg content may not be separately limited. As an
example, the lower limit of the Mg content may be 0.05%.
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[0037] Meanwhile, although the Zn-Al-based plated steel sheet has excellent corrosion resistance and productivity,
there was a problem in that a material destruction phenomenon called liquid metal embrittlement (LME) due to the addition
of Zn. The liquid metal embrittlement refers to a phenomenon in which zinc in the plating layer diffuses into base steel and
brittle fracture occurs due to grain boundary cracking during the plating process or hot forming process. However, when a
plated steel sheet with cracks connected from the plating layer to the base steel is used in an automobile member, the LME
phenomenon should be suppressed in hot press formed parts since there is a risk that rigidity of a vehicle body may be
weakened in the event of fatigue failure or vehicle collision due to accumulated stress that occurs during vehicle operation.
[0038] Generally, in the aluminum plating layer, the LME phenomenon does not occur, but the LME phenomenon easily
occurs when zine is added. Accordingly, the present inventors have conducted in-depth studies, and as a result thereof, it
was confirmed that the tendency of LME to occur varies depending on the combination of components between Al and Zn.
[0039] In addition, when Si is added along with Al and Zn to prevent alloying, it has a ternary composition, and in the
process of solidifying after continuous plating to form a plating layer, as the combination of components of Al, Zn, and Si
changes, it was additionally found that, when aluminum primary crystals occur, adhesion of the plating layer is mainly a
problem.

[0040] Thatis, in orderto simultaneously prevent the LME phenomenon and secure the adhesion of the plating layer in
addition to securing the corrosion resistance and productivity desired in the present disclosure, it was confirmed that a
relationship between three components including Al, Zn, and Siis precisely controlled as shown in Relational expressions
1 and 2 below is a very important factor.

[0041] Therefore, it is preferable that the plated steel sheet for hot press forming according to the present disclosure
satisfies the following Relational expressions 1 and 2.

[Relational expression 1]

0.09 < [Zn]/[Si] £ 4.8

[Relational expression 2]

3.6 < [Al]l/[Si] £ 8.5

[0042] In Relational expressions 1 and 2, [Zn] represents an average content, weight%, of Zn in the plating layer, [Si]
represents an average content, weight%, of Siin the plating layer, and [Al] represents an average content, weight%, of Siin
the plating layer.

[0043] Specifically, if a value of [Zn]/[Si] defined in Relational expression 1 above is less than 0.09, it may be difficult to
secure the desired level of corrosion resistance. In addition, if the value of [Zn]/[Si] exceeds 4.8, even if the corrosion
resistance of the plating layer is secured, there is a risk that the adhesion of the plating layer may decrease or an LME
phenomenon may occur.

[0044] In addition, if a value of [Al)/[Si] defined in Relational expression 2 above is less than 3.6, a surface shape may
become rough due to insufficient formation of smooth aluminum oxide on the surface after the heat treatment. In addition, if
the value of [Al)/[Si] exceeds 8.5, an Fe-Al alloy phase with high brittleness resistance of the plating layer is generated after
hot press forming, so that the plated steel sheet is processed into a blank to suit the part before hot press forming or there is
a risk of plating peeling due to impact when transporting the steel sheet.

[0045] Meanwhile, accordingtoanaspectofthe presentdisclosure, the plating layer may include an Al-Zn-based plating
layer; and a Fe-Al-based interfacial alloy layer provided between the Al-Zn-based plating layer and the base steel.
[0046] The Fe-Al-based interfacial alloy layer is a layer provided in contact with the base steel, and is a layer containing
an intermetallic compound of Fe and Al formed through an alloying reaction of Fe and Al, and examples of the intermetallic
compounds of Fe and Almay include FeAl, FeAl,, Fe,Als, and the like. In this case, matters commonly known inthe art can
be equally applied to the Fe-Al-based interfacial alloy layer. Therefore, the Fe-Al-based interfacial alloy layer may
comprise, by weight%: 30 to 50% of Fe and 35 to 55% of Al, and may partially further comprise components that can be
included in the plating layer such as Zn and Si, in addition to Fe and Al in weight% (for example, 27% or less of Si).
[0047] Inotherwords, the Fe-Al-based interfacial alloy layer may comprise, by weight%: 30 to 50% of Fe, 35t0 55% of Al,
510 27% of Si, 4% or less (including 0%) of Zn, with a remainder and other inevitable impurities.

[0048] Inaddition,the Al-Zn-based plating layer may refer to a layer other than an Fe-Al-based suppression layer among
the above-mentioned plating layers. Thatis, the Al-Zn-based plating layer may refer to a layer which is provided on the Fe-
Al-based suppression layer, and distinguished from the Fe-Al-based suppression layer by content, among the plating
layers formed when the hot-dip plating layer described later is solidified. Specifically, the Al-Zn-based plating layer may
comprise, by weight%: 15 to 31% of Zn, 2 to 12 of Si, 10% or less of Fe, with a balance of Al and other inevitable impurities.
[0049] Forexample, when analyzing the plating layer with GDS, a point at which the Fe contentis 50% is judged to be an



10

15

20

25

30

35

40

45

50

55

EP 4 474 516 A1

interface between the base steel and the plating layer, since the thickness of the Fe-Al-based plating layer is less than 30%
ofthat of the Al-Zn-based plating layer, a value of GDS, measured at a midpoint between the surface of the plating layerand
the depth at which the Fe content is 50% may be determined as a component value of the composition of the Al-Zn plating
layer, and the composition of the Fe-Al-based plating layer may be determined by an average value of the Fe-Al alloy layer
by EDS analysis three or more times at a magnification of 1500 times or more using a scanning electron microscope.
[0050] According to an aspect of the present disclosure, a weight ratio (Sb/Sa) of the average Si content (Sb) in the Fe-
Al-based alloy layer and the average Si content (Sa)in the Al-Zn-based plating layer may be 110 3.1. Ifthe value of Sb/Saiis
less than 1, an excessive Si phase is formed on an Al-Zn phase when the plating layer is solidified, and there is a risk of
surface defects due to a hard Si phase on a surface of the plating layer. On the other hand, if the value of Sb/Sais 3.1 or
more, the Si content in the Fe-Al-based alloy layer is excessive, and Si penetrates into an Fe-Al-based crystal structure,
thereby inhibiting a diffusion coefficient of Fe in the Fe-Al-based alloy layer, which may inhibit alloying of the initial plating
layer during hot press forming, to cause problems such as sticking, or the like, and thus, there is a risk that adhesion of the
plating may be impaired.

[0051] That is, the plated steel sheet for hot press forming is usually used in automobiles and is used after electro-
deposition coating. However, if there is a severe difference in color on the surface or non-uniform oxides are generated
during the heat treatment process, it becomes difficult to use the steel sheet for hot press forming as a part. These surface
defects occur when the components presentin the plating layer are not uniformly alloyed during the heat treatment process
and different components are gathered locally. The presentinventors have conducted in-depth studies, as a result thereof,
have found that the uniform alloying described above may be achieved by controlling the value of Sb/Sa.

[0052] Inaddition, according to an aspect of the present disclosure, the plating layer may include a region in which the Si
content is concentrated at 40% or more as compared to the average Si content of the Al-Zn-based plating layer per unit
area of 100 um?2 of the plating layer, based on a cross-section of the Al-Zn-based plating layer in the thickness direction. As
described above, by including the region in which Si is concentrated, an Si phase concentrated at the interface at the
beginning of the heat treatment and an Si phase concentrated in the plating layer may be simultaneously dissolved in
molten aluminum, and a uniform Si content may be maintained throughout the plating layer, so that plating adhesion after
hot press forming may be further improved.

[0053] In addition, according to an aspect of the present disclosure, the plating layer may include by area fraction, 3 to
30% of an Si phase, based on the cross-section of the Al-Zn-based plating layer in the thickness direction. In this case, the
Si phase refers to a phase including by weight, 40 to 99.9% of Si.

[0054] Inthe presentdisclosure, itis controlled thatthe plating layerincludes the Siphase inanamountabout 3t0 30%, a
dropping phenomenon resulting from a highly brittle Fe-Al-based interfacial alloy layer at the interface between the base
steel before hot forming and the plating layer, and simultaneously, by including zinc, a peeling phenomenon of the plating
layer, which easily occurs during hot forming may be prevented at the same time. Therefore, even if a plated steel sheet
having a plating layer of a component system including Zn and Al is used for hot press forming, in addition to corrosion
resistance, productivity, and LME prevention, the adhesion of the plating layer may be further improved.

[0055] In other words, hot press formed parts are mainly applied to parts with complex shapes and high strength
compared to cold forming products. For this reason, deep processing is required to produce the products in complex
shapes, and due to the nature of hot press forming, which requires deep processing and uses a lot of molds, apart from the
dropping phenomenon caused by excessive formation of the highly brittle Fe-Al-based interfacial alloy layer due to friction
and tolerance between the mold and the plating layer, there is a problem in that peeling of the plating layer is likely to occur
after hot press forming is applied.

[0056] To date, no attention has been paid to the problem of the plating layer being easily separated after hot press
forming, but the present inventors have conducted in-depth studies, and a result thereof, have found that it is possible to
solve not only the dropping phenomenon caused by the base steel and the Fe-Al-based interfacial alloy layer, but also the
problem of defects after forming parts which mainly occur in the Al-Zn-based plating layer and the Fe-Al-based interfacial
alloy layer, by controlling conditions such as the above-described value of Sb/Sa, whether there is a region with the
concentrated Si content (C), the area fraction of the Si phase, and the like.

[0057] Next, a method for manufacturing a plated steel sheet for hot press forming, which is another aspect of the
presentdisclosure, will be described in detail. However, this does not mean that the plated steel sheet for hot press forming
of the present disclosure should be manufactured by the following manufacturing method.

[0058] The plated steel sheet for hot press forming according to the present disclosure includes a plating step of
immersing the base steel in a plating bath, comprising by weight%: 21 to 34% of Zn, 6.3 to 15% of Si, 2% or less (including
0%) of Fe, with a balance of Al and other inevitable impurities, wherein the following Relational expressions 1 and 2 are
satisfied, to obtain a steel sheet with a hot-dip plating layer formed on the surface. In this case, the explanation for the
above-mentioned plating layer can be applied in the same manner as to the reason for adding the component in the plating
bath and the reason for limiting the content thereof. In other words, since the composition of the plating layer includes
components derived from base steel, the components in the plating bath and the components may vary slightly. However,
other than those derived from base steel, the reason for adding each component in the plating bath and the reason for
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limiting upper and lower numerical limits are the same.
[Relational expression 1]

0.09 < [Zn]/[Si] £ 4.8

[Relational expression 2]

3.6 < [Al]l/[Si] £ 8.5

[0059] in the above Relational expressions 1 and 2, [Zn] represents an average content, weight%, of Zn in the hot-dip
plating layer, [Si] represents an average content, weight%, of Si in the hot-dip plating layer, and [Al] represents an average
content, weight%, of Al in the hot-dip plating layer.

[0060] Subsequently, although not particularly limited, according to an aspect of the present disclosure, after the plating
step, the average cooling rate Vc1 is 25 to 90°C, cooling may be performed to have an average cooling rate Vc1 of 25 to
90°C/sinafirstsection with atemperature of 630 to 530°C, and an average cooling rate Vc2 of 3to 15°C in a second section
with a temperature of 529 to 350°C, based on a surface temperature of a hot-dip plating layer for the steel sheet. In this
case, during the cooling, it may be controlled to satisfy the following Relational expression 3.

[Relational expression 3]
Vec2 < vel/7

[0061] Asdescribed above, by precisely controlling the cooling rate of the hot-dip plating layer after the plating step, the
surface quality of the plating layer can be improved.

[0062] Specifically, by greatly controlling the cooling rate in the first section to 25 to 90°C/s, a size of aluminum-specific
spangles becomes smaller and finer at the time of solidification of the plating layer, resulting in uniform surface roughness
and improved surface quality. In addition, in the second section, by controlling the average cooling rate to be as low as 3 to
15°C/s, an amount of blowing air from a cooling tower may be reduced so that incorporation of foreign substances into the
plating layer may be reduced.

[0063] In addition, according to an aspect of the present disclosure, before the plating step, the base steel may be heat
treated in an annealing furnace in which the temperature is 650 to 850°C and a hydrogen ratio is 0.1 to 30%. The heat
treatment may be performed at a temperature above recrystallization temperature to prevent work hardening of the
material in a continuous plating process, and plating properties may be improved by maintaining the base steel sheetata
higher temperature than the plating bath. If the heat treatment temperature is lower than 650°C, there is a disadvantage in
that the material may deform and meander due to work hardening when passing through a roll such as a continuous
process. In addition, if the heat treatment temperature is higher than 850°C, Mn and Si present in the base steel sheet may
be concentrated on the surface of the base steel sheet to form oxides, thereby deteriorating the properties. Therefore, the
heat treatment temperature before the plating is preferably controlled to 650 to 850°C, more preferably, a lower limit of the
heat treatment temperature may be 700°C, and an upper limit of the heat treatment temperature may be 810°C.
[0064] In addition, the heat treatment can be controlled in a reducing atmosphere in which the hydrogen ratio is 0.1 to
30% and a balance thereof is nitrogen gas. If high-purity nitrogen gas is not used, it may be difficult to maintain a reducing
atmosphere in a heat treatment furnace, making it difficult to clean the surface of the base steel sheet. In this case, if 0.1%
or more of hydrogen gas is added, a dew point in the heat treatment furnace may be lowered and a reducing atmosphere
may be maintained to prevent further oxidation of base steel, and to clean the surface of the base steel sheet. However, ifa
fraction of the hydrogen gas exceeds 30%, there is a risk of explosion due to a heat treatment due to contact with oxygen
when leaking into the atmosphere. Therefore, in the present disclosure, the hydrogen ratio during the heat treatment can
be controlled to 0.1 to 30%, and more preferably, a lower limit of the hydrogen ratio may be 5%, and an upper limit of the
hydrogen ratio may be 25%.

[0065] Inthis case, although not particularly limited, the annealing may be performed in an atmosphere with a dew point
temperature of -30 to -60°C. If the dew point temperature during the annealing is lower than -30°C, a sufficient reducing
atmosphere cannot be created, which may cause problems with reducibility of Fe oxides generated on the surface. If the
dew point temperature is higher than -60°C, the use of high-purity nitrogen to maintain a clean atmosphere can cause a
problem which results in high costs.

[0066] Accordingtoan aspectofthe presentdisclosure, the temperature of the plating bath may be controlled to be from
Tb+20°C to Tb+80°C, based on a melting point of the plating bath (Tb). If the temperature of the plating bath is lower than
Tb+20°C, the plating bath may harden at locations in which heat can be discharged to the outside, such as the sink roll,
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within a plating pot, and overall, at low temperatures, there may be a problem of lowered fluidity. In addition, if the
temperature of the plating bath exceeds Tb+80°C, a roll replacement cycle may be shortened due to equipment
deterioration due to the high temperature of the plating bath, and operation may become difficult due to high temperatures.
Therefore, in the present disclosure, it is preferable to control the temperature of the plating bath within the range of
Tb+20°C to Tb+80°C.

[0067] In addition, another aspect of the present disclosure is to provide a hot press forming member obtained by hot
press forming the above-described plated steel sheet for hot press forming.

[0068] In addition, according to another aspect of the present disclosure, a method for manufacturing a plated steel
sheet for hot press forming is provided, the method including heat treating the plated steel sheet for hot press forming
obtained by the above-described method for manufacturing a plated steel sheet for hot press forming at a temperature
within a range of Ac3 to 950°C for 1 to 1000 seconds; and

hot press forming the heat-treated plated steel sheet for hot press forming using a mold.

[0069] However, matters commonly known in the technical field can be applied to the hot press forming member and the
manufacturing method thereof without limitation. Therefore, in the present specification, these are not specifically limited.

Mode for Invention

(Example)

[0070] Hereinafter, the present disclosure will be described in more detail through examples. It should be noted that the
following examples are only for understanding of the present invention, and are not intended to specify the scope of the
present invention. The scope of the present invention may be determined by the matters described in the claims and the

matters reasonably inferred therefrom.

(Experimental example 1)

[0071] Base steel comprising by weight%: 0.23% of C, 1.3% of Mn, 0.002% of B, 0.03% of Ti, 0.25% of Si, 0.15% of Cr,
with a balance of Fe and other impurities was prepared. The base steel was heat treated at a temperature of 750°C in an
annealing furnace with a dew point temperature of -50°C and a mixed atmosphere of 5% hydrogen and 95% nitrogen, and
then immersed in a plating bath under the conditions shown in Table 1 below to form a hot-dip plating layer on a surface of
the base steel. Thereafter, under the conditions shown in Table 1 below, a plating amount per side was controlled by
treatment with an air knife and then cooled to manufacture a plated steel sheet for hot press forming.

[Table 1]
No. Plating bath composition [wt%] (a remainder | Plating Plating bath Plating
of impurities) bath temperature | amount
Al 7n Si Fe melting [°C] per side
point (Tb) [g/m2]
[°C]
Comparati ve Example 1 77 16.5 5.7 0.7 587 620 94
Comparati ve Example 2 73 221 4.1 0.6 585 620 123
Comparati ve Example 3 67 27.5 4.7 0.7 567 610 93
Comparati ve Example 4 72 254 2.0 0.8 594 620 102
Comparati ve Example 5 73 25.9 1.1 0.2 600 630 106
Comparati ve Example 6 65 29.2 5.6 0.6 555 590 43
Comparati ve Example 7 65 29.5 5.0 0.5 559 590 61
Comparati ve Example 8 59 38.0 2.0 0.8 565 600 81
Comparati ve Example 9 70 20.8 9.0 0.2 561 600 62
Comparati ve Example 10 | 79 20.2 0 0.8 621 650 63
Inventive Example 1 70 22.6 6.7 0.5 563 620 37
Inventive Example 2 69 21.5 9.3 0.5 568 630 39
Inventive Example 3 64 27.0 8.1 0.8 558 600 58
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(continued)

No. Plating bath composition [wt%] (a remainder | Plating Plating bath Plating
of impurities) bath temperature | amount
Al Zn Si Fe melting [°C] per side
point (Tb) [g/m2]
[°C]
Inventive Example 4 64 27.0 8.1 0.8 558 600 98
Inventive Example 5 61 26.1 12.5 0.6 639 670 60
Inventive Example 6 61 32.0 6.8 0.7 539 590 93

[0072] After manufacturing specimens for each plated steel sheet for hot press forming obtained from the method shown
in Table above, an alloy composition of a plating layer was analyzed. Specifically, the alloy composition of the plating layer
was first dissolved with a NaOH solution for 10 minutes to remove an aluminum oxide film present on the surface, and then
the plating layer was dissolved for 30 minutes using an HCI solution and inhibitor and the two dissolved solutions were
combined and measured through inductively coupled plasms optical emission spectroscopy (ICP-OES), which were
shown in Table 2 below.

[Table 2]

No. Plating layer composition [wt%]

Al Zn Si Fe [Zn)[Si] | [AISi]
Comparative Example 1 77.6 14.9 4.2 3.3 3.5 18.5
Comparative Example 2 69.4 24.0 3.8 2.8 6.3 18.3
Comparative Example 3 67.4 26.3 3.6 2.7 7.3 18.7
Comparative Example 4 725 17.3 25 7.7 6.9 29.0
Comparative Example 5 73.9 17.0 1.5 6.6 11.3 49.9
Comparative Example 6 58.1 32.3 59 3.7 55 9.8
Comparative Example 7 63.3 26.5 5.6 4.7 4.7 11.3
Comparative Example 8 54.1 35.0 26 8.3 13.5 20.8
Comparative Example 9 66.5 19.8 10.1 3.6 2.0 6.6
Comparative Example 10 64.1 20.1 0.1 14.6 201.0 641.0
Inventive Example 1 62.8 21.9 74 7.9 3.0 8.5
Inventive Example 2 62.7 21.1 10.8 54 2.0 5.8
Inventive Example 3 60.5 22.5 10.3 6.7 2.2 5.9
Inventive Example 4 60.4 25.9 9.9 3.8 2.6 6.1
Inventive Example 5 58.3 241 13.1 4.6 1.8 4.4
Inventive Example 6 55.3 31.2 7.0 6.5 4.5 7.9

[0073] Aftercollecting a specimen of the plated steel sheet manufactured by the above-described method, the specimen
was cut into a blank, and the blank specimen was kept in a furnace at a temperature of 900°C for 2 minutes after reaching
900°C. Thereafter, the heated blank specimen was transferred to a mold within 20 seconds, hot-formed using the mold,
and then cooled at a cooling rate of 20°C/s to obtain a hot forming member.

[0074] Subsequently, whether LME occurs, corrosion resistance after hot press forming, whether peeling occurs at an
interface between base steel and a plating layer before hot forming, and plating adhesion after hot press forming were
evaluated based on the following criteria, respectively, which were shown in Table 3 below.

[Whether LME occurs]

[0075] A depth of cracks of a base material was measured by observing a cross-section in a thickness direction
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(meaning a direction perpendicular to a rolling direction) of each specimen subjected to hot press forming using an optical
microscope. In this case, a case in which the depth of cracks of the base material was 30 pm or more was indicated as a

specimen in which 'LME occurs’.

[Corrosion resistance after hot press forming]

[0076] After the specimen was heat treated and reached 900°C, and then held for 2 minutes and subjected to rapid
cooling was evaluated using a salt spray test (SST), which is one of accelerated corrosion evaluations. That s, a corrosion
product of the specimen subjected to salt spray for 30 days in the SST were removed by shot blast, and then a maximum
depth of the crack created by corrosion in the base steel was measured.

o: When a depth of cracks was 30% or less of a thickness of a base material
X: When a depth of cracks exceeded 30% of a thickness of a base material

[Whether peeling occurred at an interface between base steel and a plating layer]

[0077] In order to evaluate whether peeling occurs at an interface between a base steel and a plating layer, after
performing a 90° bending process on a specimen of a plated steel sheet before hot press forming, whether peeling occurs
due to a highly brittle Fe-Al-based interfacial alloy layer at the interface between the base steel and the plating layer was

evaluated. A case in which whether peeling occurs was indicated as 'peeling’.

[Plating adhesion after hot press forming]

[0078] After the specimen was heat treated and reached 900°C, and then the specimen heated for 2 minutes was

pressed and a peeling phenomenon of the plating layer occurring on the surface was measured. Among the specimens, a

major axis length of an area, separated from a component was measured and evaluated based on the following criteria.
©®: A major axis length of the peeled area is less than 1 mm

o A major axis length of the peeled area is 1 mm or more but less than 3 mm

X: A major axis length of the peeled area is 3 mm or more

[Table 3]
No. Whethe r Corrosion Whether peeling occurs at an Plating
LME occurs | resistance after interface between base steel adhesion after
hot press forming | and plating layer hot press

forming
Comparati ve Example 1 - X - X
Comparati ve Example 2 - O - X
Comparati ve Example 3 - O - X
Comparati ve Example 4 - X Peeling Occurred X
Comparati ve Example 5 | - X Peeling Occurred X
Comparati ve Example 6 - O - X
Comparati ve Example 7 - O - X
Comparati ve Example 8 LME occurs | O Peeling Occurred X
Comparati ve Example 9 | - X Peeling Occurred X
Comparati ve Example 10 | - O Peeling Occurred X
Inventive Example 1 - O - O
Inventive Example 2 - O - O
Inventive Example 3 - O - O
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(continued)

No. Whethe r Corrosion Whether peeling occurs at an Plating
LME occurs | resistance after interface between base steel adhesion after
hot press forming | and plating layer hot press
forming
Inventive Example 4 - O - O
Inventive Example 5 - O - O
Inventive Example 6 - O - O

[0079] As canbe seenin Table 3, in Inventive Examples satisfying all of the composition of the plating layer, Relational
expression 1, Relational expression 2, and manufacturing conditions, defined in the present disclosure, it was confirmed
that occurrence of LME was suppressed, no peeling occurred at the interface between the base steel and the plating layer,
and both corrosion resistance after hot press forming and plating adhesion after hot press forming were excellent.
[0080] On the other hand, in Comparative Examples 1 to 9, not satisfying one or more of the composition of the plating
layer, Relational expression 1, Relational expression 2, and manufacturing conditions, defined in the present disclosure, it
was confirmed that at least one of the following characteristics: LME characteristics, whether peeling occurred at the
interface between the base steel and the plating layer, corrosion resistance after hot press forming, and plating adhesion
after hot press forming, was inferior.

(Experimental Example 2)

[0081] A plated steel sheet for hot press forming was manufactured in the same manner as in Experimental Example 1
described above, except that the base steel was heat treated at 750°C in an annealing furnace with a dew point
temperature of -50°C, and a mixed atmosphere of 5% hydrogen and 95% nitrogen, and a hot-dip plating layer was
cooled under the conditions shown in Table 4 after plating.

[Table 4]
No. Plating bath composition [wt%] a | Plating | Plating | Plating Vet* Ve2*
remainder of impurities) bath bath amount | [°C/s] | [°Cls]
Al Zn Si Fe melti.n temper | per side

g point | ature [g/m?2]

(Th) | [C]

[°C]
Comparativ e Example 11 | 77 16.5 5.7 0.7 587 620 94 60 5
Comparativ e Example 12 | 73 221 4.1 0.6 585 620 123 60 5
Comparativ e Example 13 | 67 27.5 4.7 0.7 567 610 93 50 10
Comparativ e Example 14 | 72 25.4 2.0 0.8 594 620 102 60 5
Comparativ e Example 15 | 73 259 1.1 0.2 600 630 106 60 10
Comparativ e Example 16 | 65 29.2 5.6 0.6 555 590 43 30 5
Comparativ e Example 17 | 65 29.5 5.0 0.7 559 590 61 30 5
Comparativ e Example 18 | 59 38.0 2.0 0.8 565 600 81 40 5
Inventive Example 7 70 22.6 6.7 0.5 563 620 37 60 5
Inventive Example 8 69 21.5 9.3 0.2 568 630 37 70 10
Inventive Example 9 64 27.0 8.1 0.8 558 600 58 40 5
Inventive Example 10 64 27.0 8.1 0.8 558 600 98 80 5
Inventive Example 11 61 26.1 12.5 0.6 639 670 60 80 10
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(continued)

No. Plating bath composition [wt%] a | Plating | Plating | Plating Ve1* Vc2*
remainder of impurities) bath bath amount [°Cls] | [°Cls]
Al Zn Si Fe meltin temper per side
g point | ature [g/m2]
(Tb) [°Cl
[°C]
Inventive Example 12 61 32.0 6.8 0.7 539 590 93 305 5

Vc1*: Average cooling rate in a range of 630 to 530°C, based on a surface temperature of a hot-dip plating layer
Vc2*: Average cooling rate in a range of 530 to 350°C, based on a surface temperature of a hot-dip plating layer

[0082] Inthe same manner as Experimental Example 1, the plating layer composition of the plated steel sheets for hot
press forming obtained from the respective Inventive Examples and Examples was analyzed and shown in Table 5 below.

[Table 5]
No. Plating layer composition [wt%]
Al Zn Si Fe [Zn)/[Si] [Al/[Si]

Comparati ve Example 11 77.6 14.9 4.2 3.3 3.5 18.5
Comparati ve Example 12 69.4 24.0 3.8 2.8 6.3 18.3
Comparati ve Example 13 67.4 26.3 3.6 2.7 7.3 18.7
Comparati ve Example 14 72.5 17.3 2.5 7.7 6.9 29.0
Comparati ve Example 15 73.9 17.0 1.5 6.6 11.3 49.9
Comparati ve Example 16 58.1 32.3 5.9 3.7 55 9.8
Comparati ve Example 17 63.3 26.5 5.6 4.7 4.7 1.3
Comparati ve Example 18 54.1 35.0 2.6 8.3 13.5 20.8
Inventive Example 7 59.5 21.9 7.4 11.2 3.0 8.0
Inventive Example 8 59.1 21.1 10.8 9.0 2.0 55
Inventive Example 9 60.5 22.5 10.3 6.7 2.2 5.9
Inventive Example 10 60.4 25.9 9.9 3.8 2.6 6.1
Inventive Example 11 58.3 24.1 13.1 4.6 1.8 4.4
Inventive Example 12 55.3 31.2 7.0 6.5 4.5 79

[0083] Subsequently, after creating a cross-sectional specimen cut in a thickness direction (meaning a direction
perpendicular to a rolling direction of the steel sheet) for each of the above-described plated steel sheets, and then
observed using a scanning electron microscope (SEM). Thereby, it was confirmed that a plating layer is formed on base
steel, an Fe-Al-based interfacial alloy layer, in contact with the base steel is formed as the plating layer, and an Al-Zn plating
layer is formed on the Fe-Al-based interfacial alloy layer.

[0084] In addition, for the plating layer of each plated steel sheet, an average value of Si at points, 1/2t from a total
thickness t of the plating layer, was measured using GDS, and was indicated as Sa below. In addition, a cross-sectional
specimen in the thickness direction of each plated steel sheet was observed with an electron microscope, and the Fe-Al-
based interfacial alloy layer formed adjacent to base steel was subjected to EDS point analysis at least three times, and an
average of the measured values was indicated as Sb below.

[0085] In addition, for the cross-sectional specimen, through SEM and EDS point analysis in the same manner as
described above, it was measured whether there was a region (C)in which the Si content was concentrated at 40% or more
compared to the average Si content of the Al-Zn-based plating layer per unit area of 100 um2 of the plating layer. In
addition, similarly, using SEM and EDS, a Si phase containing 40 to 99.9% of Si was detected, and an area fraction (D) of
the Si phase was measured based on the cross-section of the plating layer. In this case, the value of D was measured in a
region in which the total length in the rolling direction was 75 um or more. These measured values were shown in Table 6
below.
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[Table 6]
No. Sa* Sb* Sb/Sa c* D*
Comparativ e Example 11 3.4 13.0 3.8 X -
Comparativ e Example 12 3.2 10.4 3.2 X -
Comparativ e Example 13 28 16.4 5.8 X -
Comparativ e Example 14 2.2 12.7 59 X -
Comparativ e Example 15 1.0 10.3 10.0 X -
Comparativ e Example 16 51 18.0 3.5 X -
Comparativ e Example 17 4.9 15.8 3.2 X -
Comparativ e Example 18 22 12.4 5.6 X -
Inventive Example 7 5.9 17.6 3.0 O 4
Inventive Example 8 10.3 12.0 1.2 O 12
Inventive Example 9 9.6 18.1 1.9 O 10
Inventive Example 10 9.5 13.0 14 O 7
Inventive Example 11 8.6 16.7 1.9 O 19
Inventive Example 12 6.3 154 24 O 5

Sa*: Average Si content in Al-Zn-based plating layer [wt%]

Sb*: Average Si content in Fe-Al-based alloy layer [wt%]

C*: Based on a cross-section (a direction perpendicular to a rolling direction) of the Al-Zn-based plating layer in the
thickness direction, whether there is a region in which the Si contentis concentrated at40% or more, as compared to the
average Si content of the plating layer, per unit area of 100 um2 [O/X]

D*: Area fraction of Si phase [%], based on the cross-section of the Al-Zn-based plating layer in the thickness direction

[0086] Foreach plated steel sheet obtained in this manner, the characteristics shown in Table 7 below were evaluated in
the same manner as in Experimental Example 1. In addition, surface quality characteristics were further evaluated based
on the following criteria and were shown in Table 7.

[Surface quality]

[0087] A specimen was observed with the naked eye to evaluate whether there was a difference in surface colors and
whether overall staining was found due to excessively generated zinc oxide on the surface, and was evaluated based on
the following criteria.

[0088] Good: No difference in surface colors or surface stains observed

[0089] Difference in surface colors: There is a region on the surface of 50 mm2 or more which is different in color from a
surrounding region

[0090] Surface stains: stains observed on the surface

[Table 7]
No. LME Corrosion Whether peeling occurs at an Plating Surface
cracks | resistance after interface between base steel and a | adhesion after quality
hot press forming | plating layer hot press
forming
Comparati | - X - X Good
ve Exam-
ple 11
Comparati | - O - X Good
ve Exam-
ple 12
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(continued)

No. LME Corrosion Whether peeling occurs at an Plating Surface

cracks | resistance after interface between base steel and a | adhesion after quality

hot press forming | plating layer hot press
forming

Comparati | - O - X Good
ve Exam-
ple 13
Comparati | - X Peeling Occurred X Difference
ve Exam- in surface
ple 14 colors
Comparati | - X Peeling Occurred X Difference
ve Exam- in surface
ple 15 colors
Comparati | - O - X Good
ve Exam-
ple 16
Comparati | - O - X Good
ve Exam-
ple 17
Comparati | LME O Peeling Occurred X Surface
ve Exam- cracks stains
ple 18 occur
Inventive - O Peeling Occurred © Good
Example 7
Inventive - O Peeling Occurred © Good
Example 8
Inventive - O - © Good
Example 9
Inventive - O - ©® Good
Example
10
Inventive - O - ® Good
Example
11
Inventive - O - © Good
Example
12

[0091] AscanbeseeninTable 7 above, inInventive Example notonly satisfying the plating layer composition, Relational
expression 1, and Relational expression 2, defined in the present disclosure, but also satisfying one or more of a value of
Sb/Sa, defined in Table 6 of 1to 3.1 and C, and 3 to 30% of D, it was confirmed that not only LME, corrosion resistance,
plating adhesion, and surface quality, but also surface properties were very excellent.

[0092] Inparticular,animage taken by observing a cross-sectional specimen in the thickness direction of the plated steel
sheet obtained in Inventive Example 11 using a scanning electron microscope (SEM)was shown in FIG. 1. Thereby, itwas
confirmed that there is a region in which the Si content is concentrated at 40% or more in the plating layer as compared to
the average Si content of the plating layer, and the plating layerincludes by area fraction, an Si phase having a Si content of
40% or more in an amount of 3 to 30%.

[0093] On the other hand, in Comparative Examples not satisfying one or more of the compositions of the plating layer
defined in the present disclosure, Relational expressions 1 and 2, and a value of Sb/Sa, C, and 3 to 30% of D, it was
confirmed that one or more of the above-described characteristics was inferior.
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Claims

1.

A plated steel sheet for hot press forming, comprising:
a base steel; and
a plating layer on at least one surface of the base steel;
wherein the plating layer comprises by weight%: 21 to 34% of Zn, 6.3 to 15% of Si, 3 to 13% of Fe, with a balance of

Al and other inevitable impurities, and
wherein the following Relational expressions 1 and 2 are satisfied,

[Relational expression 1]

0.09 < [Zn]/[S1i] £ 4.8

[Relational expression 2]

3.6 < [Al1]/[si] £ 8.5
in Relational expressions 1 and 2, where [Zn] represents an average content, weight%, of Zn in the plating layer,
[Si] represents an average content, weight%, of Si in the plating layer, and [Al] represents an average content,

weight%, of Al in the plating layer.

The plated steel sheet for hot press forming of claim 1, wherein the plating layer comprises by weight%, 25 to 34% of
Zn.

The plated steel sheet for hot press forming of claim 1, wherein the plating layer comprises

an Al-Zn-based plating layer; and
a Fe-Al-based interfacial alloy layer between the Al-Zn-based plating layer and the base steel.

The plated steel sheet for hot press forming of claim 3, wherein a weight ratio (Sb/Sa) of an average Si content (Sb)in
the Fe-Al-based alloy layer and an average Si content (Sa) in the Al-Zn-based plating layer is 1 to 3.1.

The plated steel sheet for hot press forming of claim 3, wherein, based on a cross-section of the Al-Zn-based plating
layer in a thickness direction, the plating layer comprises a region in which the Si content is concentrated at 40% or
more as compared to the average Si content of the Al-Zn-based plating layer per unit area of 100 um? of the plating
layer.

The plated steel sheet for hot press forming of claim 3, wherein, based on the cross-section of the Al-Zn-based plating
layer in the thickness direction, the plating layer comprises by area fraction, a Si phase in an amount of 3 to 30%.

The plated steel sheet for hot press forming of claim 6, wherein the Si phase comprises by weight%, 40 to 99.9% of Si.
A method for manufacturing a plated steel sheet for hot press forming, the method comprising,
aplating operation ofimmersing a base steel in a plating bath comprising, by weight%: 21 to 34% of Zn, 6.5t0 15%
of Si, 2% or less (including 0%) of Fe, with a balance of Al and other unavoidable impurities, wherein the following

Relational expressions 1 and 2 are satisfied, to obtain a steel sheet having a hot-dip plating layer formed on the
surface,

[Relational expression 1]

0.09 £ [Zn]/[Si] £ 4.8
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[Relational expression 2]

3.6 < [Al]l/[si] £ 8.5

in Relational expressions 1 and 2, where [Zn] represents an average content, weight%, of Zn in the hot-dip plating
layer, [Si] represents an average content, weight%, of Si in the hot-dip plating layer, and [Al] represents an
average content, weight%, of Al in the hot-dip plating layer.

The method for manufacturing a plated steel sheet for hot press forming of claim 8, further comprising, after the plating
operation, based on a surface temperature of a hot-dip plating layer for the steel sheet,

cooling the steel sheet to satisfy an average cooling rate Vc1 of 25 to 90°C/s in a first section in which the temperature
is 630 to 530°C, and an average cooling rate Vc2 of 3 to 15°C/s in a second section in which the temperature is 529 to
350°C.

The method for manufacturing a plated steel sheet for hot press forming of claim 8, wherein the following Relational
expression 3 is satisfied,

[Relational expression 3]

vVe2 £ vel/7

The method for manufacturing a plated steel sheet for hot press forming of claim 8, further comprising, before the
plating operation,

heat treating the base steel in an annealing furnace in which a temperature is 650 to 850°C, a dew pointtemperature is
-30 to -60°C, and a hydrogen ratio is 0.1 to 30%.

The method for manufacturing a plated steel sheet for hot press forming of claim 8, wherein a temperature of the
plating bath is controlled to be Tb+20°C to Tb+80°C, based on a plating bath melting point (Tb).

A hot press forming member obtained by hot press forming the plated steel sheet for hot press forming of claim 1.
A method for manufacturing a hot press forming member comprising:
heat treating the plated steel sheet for hot press forming of claim 1 at a temperature within arange of Ac3 to 950°C

for 1 to 1000 seconds; and
hot press forming the heat-treated plated steel sheet for hot press forming using a mold.
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